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 �&, ��!5)H*(w}.(�5 �,� N�+� �/�$D rk��� �&�!3
�
!��<&, !2+$3 ��S��$� 4,�,� ��I'� 4�A �
!$B.*��5 4�A

)'2�A .��S��$� �"��.@,  �� ��
!��<&, N �� �
!$B.*��5 
%, T$3 4��� �3 �3��!" �
,!(oCfgg O�3 #A: �,)��  

�)
)B �&, > ,)2� 4,]fw[%, �2�
�!"�  N)( �!& �!�  
)'2�A �"��.@,  )'
:!	 % !3 �� !�.� H�,.0]ff.[�#
,!3�'3

��,� N�$� #
, �� �;�� T�� �
!��<&, #A: �,)�� .�����5
 %, #( )� ����*&, �����5 �3 �*
�P� H$�� �3 #( )� 4P/	)'�

 �$V� #A: �,)�� N�.3 !9O�3 %�$2�,)#$1��$�w%#
!2+$3  
�,)��wt(%�)
)B �� H��0 #
!2;��  �&, �,��.@!3

�� ��;( �3 �
!��<&, �� �
!$B.*��5 �"��.@, )
:.
���5 �&�!3 H$*+9 %, N�+� �#( )� �����5 �/D, 4�A

 C�.D �3 KA �
!��<&, �3 �S�� �
!$B.*��5  #��" 4!$@~9
�n"� C�.D �3 KA  �
!��<&, �)''5 rIY #��" 4�A

 ��,� �
!��<&, �� �
!$B.*��5 �"��.@,  4�A��S��$�)H*(4�A
w�  � �C .(H*( �� �
,%!S;A ��,.9c���5 ��,.9 4%�&

�� N�+� ,� �����5)A� .�� �
!$B.*��5 �"��.@,  �1�.1�
�n
." ��Z3, !a� %, KA �
!��<&, !a� %, KA  ���.@,  4�A

�� K5,!9N�+� )�,.9:  d� �,)�� �)'A� �� �.[.� #A
)(�3 �
!��<&, .�!2�" �� �"��.@,  4�A��S��$� �%,)�,t�9fg

N !*$�)!2+$3t�9cN !*$� (�&, !$R2� .4���: �&�!3
 K5,!9 �B.*& !*$� rk���t�9|g�F��� �� ��S��$� vg×vg

�&, ��,� N�+� ,� r3!� N !*$� .�,)Z9  �%,)�, �/5 �.I3
A �3 U.*Z� �S�� �A��S��$�)��,� K.�A��S��$� #
, H*(

C �<2�)�n
."H*( �;$� �4,��%.& �
 �)$+5 ��,� (�5 �&,
�2&� �.k �3 �
 �!<'� �.k �3 �
�2�3,   4,�� �)
� KA �3 -
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)/[�����;( �����3 ����y#$�% #
.*9 4 � �����5 �3��!" >�$& �
�$;$( 6�3 #( )� 7!&. . .��

)�.( .�
!��<&, �� �)( �)A�+� 4�A��S��$� �n"� �5 �
�A
H*( ��&, ��!5 rIY ,� ���: #��" 4!$@~9,� �9 �<2� 4�A 

�� N�+�'A�).��.;� �� � )F �9 ��S��$� �3 4�At�N !*$� 
�� N�+� 7!& !
���� �3 �3.@ �12�S;A �A��S��$� K5,!9)'A� .

>�$& T�� %, N�+� !�, #
,d�  7!& 4!$@~9 �3��!" 4�A-
�
��!" q.( ��?
,  �$V� �� 7!& �12+8: ��?
, �� �,�

'5 H$��9 ,� �
!��<&, �� �
!$B.*��5 �"��.@,  �9 )(�3).

5��=�� �/�$D rI�� T( �3�9%�3 �.� :h�, (H$�	 P5!� �� �
!$B �+�3 �'$+��[)�$�.�.� (N: 4)(� l.I@ C,%,.� �3)PPL,10X(7 �(
H$�	 �� #��"  �
!��<&, H��5 �'$+��[)�$�.�.�) (PPL,10X(} �(�� �� �2�
�!"� �� �)
� �)$;@ l.I@ C�.D �3 �5 #��" ��/�� 4�A-

�.()PPL,10X(C �(�
!��<&, �� �
!$B.*��5 �"��.@, )PPL,20X (�(#���" ���'5 ��  �.�/3 ��S� �� �
!��<�&, �� �
!$B.*��5 �"��.@, 
)PPL,40X ( �  (�n
." �"��.@,  4�A��S��$� �
!��<�&, �� �
!$B.*��5 H*( 4,)PPL,40X) (��
!$B =Py �
!��<�&, �=Sph #���" �=Gn �

�
!$B.*��5 =Ccp(.
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4�P
 �4�,P�3 ���.2� N,!
, �&�'( ���5  �&�'(�./3 �/?� ���

5��>^
�2� XRD#( )� 4P/	)'� �����5 %, ��.;�  � :h�, (7  �$5O��  �
% !& ��$� % �$;&, �P9�,.5 4�A ���5 4,�,� (4�A ���5 4,�,� 
%j5.9�, ��$'$�.E�5 ��
.*�� ��
!��<&, ��$� % �$;&, �P9�,.5.

5��?#( )� 4P/	)'� �����5 �
,%!S;A ��,.9)rk��2� H$I2���&, H$�	 �� �'$+��[ �)'A� N�+�.(

�&�!3��.;� �/�$D rk��� � )F 4�	�W �3 4�Avg!2� 
�� N�+�� T
,P	, �3 �5 )A��,)� %, 7!& ppm|t �3 ppmuw 

 ppmtff K5,!9 ���S��$� �� �
!$B.*��5 �� !*$� Q
 4�A
 �F���vg×vg%, r3!� N !*$� tt�3wc bc�)0 T
,P	, 

��)3�
 .�� �2F��.;� �3 4�A��S��$��(�� �;5 4�A!9��
,!( 
��  �&, �,!Y!3 ��3�+� ��S
!�9� L&�'9 N.��Y N�;A N,.9�,)� 

�3 7!&�,)Z9 ��S��$��,� K$;Z9 ,� �A .� �3 !1
� ��.;�  � ���,)� 
7!&ppmffwg  ppm{cc ��;( K5,!9 ���S��$� L$9!9 �3 �A

vg �9 vc fg�9f|��.3 �F��� #$;A �� �&, .�&�!3 
#
, !3 �)( -�?�,��S��$��� N�+� �A �"��.@,  �)
)B �5 )A�

 ���S���,� �
!��<&, 4�A)H$�� �3!2;5 �� ��� q.( !3,!3 �� 
�
��!">�$& 4�A�3��!" (�n"� �3 �
!��<&, ���$� �� �


�� �)
� !2�3 #��" d'[ %, rk��2� 4!$@~9�.( .#$�,.Y #
,
 ���&�3!?9$�� �3 ,� �;� H$*+9 �
,!( �")$n$B H�3 N,.9

 �%,)�, �3 �"��& �%,)�, �3 4�A��S��$�fK$;Z9 !2"�P3  N !*$� 
�,� .
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)/[�����;( �����3 ����y#$�% #
.*9 4 � �����5 �3��!" >�$& �
�$;$( 6�3 #( )� 7!&. . .���

��
���� �������
4� 
@��"
!�%:�K$��" �K$����W �K$���5 N�3P$� #
!2�3 �
!��<&,

 �&, P'1'�  K
)'
,]fv.[�&�!3 ��.;� !3 �)( -�?�, 4�A 4�A
#A: %, N�+� �
!��<&,��.;� �� !2;5 4�AM.��� ��� �&�&-

�B)� )F t%!2;5  (��.;� �3 �S���"� 4�A  4,��.94,
)$<�.&)� )Fc(%��,�]fc.[�
P9�  �� �!"." �3 4 � �S�� 

�� ��, !2+$3 �&, !2;5 �
!��<&,]fb.[
^
�2��
!��<&, �
P?9)> )[t(�� N�+� �5 )A�N P	, 

�!"."  4 � !3)4,P[,�
!��<&, �/D, (�K$���5 �#A: !D�'0 �
��S
!�9 d�  P'1'� l��� �;A �� N:�� �)
� )�.( .^
�2�

�
P?9��.;� #A:!B M.�  � �
!��<&, 4�A)%, T$3t/f(%K5  
#A:)%, !2;5{/t(%�"�
  4�A#$�% ,� �9 �<2� �
�$;$(

�� N�+� )A�)H*(b.(�
!��<&, �� � �#A: !B 4�A�,)�  d� 
�&, #A: K5 M,.�, %, !2+$3 4 � 4)F �9 .M,.�, �#
, %, �2(�"

 #A:!B�
!��<&, �A P'1'� )$�5, ��, !2+$3 K$���5 #$1��$�
)��,� #A: K5 M,.�, �3 �S�� 4!2;5 .�3 !2+$3 d� �A,!;A

��,)� !9O�3 #A: )�9|c/v(%�'$�% %�&�,)@� 4��;$3 
 �
!$B.*��5�)'A� N�+�>�$& T�� 4�A!"K2�$& �3�� 4�A

�
��!",!	�&���: H$*+9 �� .�!2�" Q
 �.[ �3 �<Y  ��
�
!��<&, #A: �,)�� ��I'� #A:!B M,.�, �#A: K5  #A:!B 4�A

 ��.��&�!3 4!2;5 #A: )� )Ff(%�
!��<&, �3 �S�� 4�A
 �$�� �k�'� !1
� #A:!B)� )Fc(%�,��).�[.9 �3 �./S9 �3 

�
�.
� �� ��I'� 4�Acf/wg�$�,!"  T$B >�& N.$/$� 4�A
��I'���gb/wg T$B >�& N.$/$� ]f{[�,)�� N,.23 )
�( �

�����5 #A: !2;5 4P/	)'����5 �?$2� ,� #( )� #A: 4%�&
 �����5 >�;( �,P+$B4P/	)'�>�$& #A: ��3 �$/�9  �A���,� 

� #$1��$� �5�,)����5 �����& #
, >�$& #A: TA�5 ,� �
,%
A:  ��,����5 4,!3 ,� 4!2;5 #�2(,�" 4�[ !3 �
!��<&, 4�A

�&, .�
!��<&, %, �@!3 �� #A: �S�� �� P	 #$;A �.[  ��, -
�3 �A�,!;A��,)� 4,!3 �d� �,)@� �
!$B.*��5 4��;$3 �	�5 

�&, ��.3 .���'5 �3 P5!� %, �
�$;$( L$5!9 !$$R9 �&�!3
�� N�+� �
!��<&, �5 )A����'5 �;& �3 �./3 4�A ��,)� 4 � 

�  TA�5�,)��� T
,P	, �!"." )3�
 .K$���5  d� �,)��
�;� N�+� �.@ %, �23��  ��+� )� �A�'�/5 �.I3 ��, )

�� ���'5 4.& �3 �5 �<" N,.9 � �./3 4�A�,)�� %, K$���5 �,)� 
�� �+$B d� �!$".

���A6m � �3 �
!��<&, !3 �I�� )'� �
P?9 �?$2�XPMA.
�
!��<&, SZnCuCdO PbMnO2Fe CoO 

{6tb6t|{/f| t|/bg ut/gww/gtf/g{t/t

{6tb6fbc/wc uv/bf vw/gfw/gff/gfv/gcu/f

{6tb6w|{/ww bw/c| wf/tf/gvu/v
{6tb6vgu/wc |c/vu ft/g{b/g

{6f|6tttt/wg ct/bf tv/gcb/t

{6f|6tf|c/wv uv/cu |f/tft/gg|/v
{6f|6twbu/wv b/bt f{/gft/gft/guf/g

{6f|6tv|t/wb cu/bg fw/gf/g|/f{v/g

|6tt6t{v/ww {b/cb tt/tcw/gf/gff/v
|6tt6f{u/wf vc/bf ft/tgf/gt|/gf/f

|6tt6wgt/fu tw/bt c/gf{/gtw/gbu/tb|/g

|6tt6vc|/f| tu/bt vc/gfv/gtf/g|c/ggc/g
|6tt6cww/wb vt/c{ bu/gwt/gfb/gwu/v

|6tt6bc{/wc |f/bt g{/gt/gfw/gtb/t
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4�P
 �4�,P�3 ���.2� N,!
, �&�'( ���5  �&�'(�./3 �/?� ���

5��Bh�, (#A: K5 �
!��<&, �� !D�'0 �@!3 C,!$$R9 �!2�")LFS ( #A:!B  )HFS(7 �.(�
!��<�&, �� !D�'0 �@!3 #$1��$� ��
��� 4��A 
} �#A:!B  #A: K5 (?9 l��� !
.�9C  #A: K5 �
!��<&, Q
 !3 �)( �
P (N: !D�'0 C,!$$R9 T
�;�.

�
!��<&, !3 �5 �Z��[ �&�!3 �"� 4�A�����5 4�A  4,
�
!��<&, �5 �,� N�+� �)( -�?�, #B,W N��*&, �3 4�A

 %, !2;5 �
!$B ��.�)D��tf%�"� 4�A�����5 �� �4,�2�3, 
�3�� �	�
 �$2'1� 4!& 4�A)$
.2$�,!" �.( %, T$3 �,)��  

tv %�,!;A �2$';/
, M,.�, �3 �&,]f|.[>.� �,)�� #
!2+$3 
�)( �S&�V� �2
!$B)c/|(%4)$
.2$�,!" 4�;"�� Q
 %, N�+�

M.���,� �2$2'1� .�$2'1� 4!& N, ,!	 P/	  !/5 ��!"."
 �9,P/	 >��2�, N�*�, �$';/
, 4!& �3 �S��N.� �jk �4 � 

�.�3 �.$[  �!�� �P'1'� 4� !/5 �)$n$B C�S$5!9 C�2(�S�, 
KA,!	 ,� �$2'1� 4!& 4�A�;"�� ����)'5]fu[.��.9 4�A

 ��I'� 4)$
.2$�,!" U�&,!3 �&�!3 ��.����5 M.�4%�& 4�A
  �
!$B ��$9�;A �.[  ���.3 �2$2'1� M.� %, �)( �)A�+�

  C )$B,�.S� �$	,!" ]wg[!1��+����5 �3 �,!;A 4%�&
A)$
.2$�,!"�&, �2$2'1� 4�.
@���C��"
�:�H*$� P$�  O�3 4��� �� ��
  �3 N)S$�.� �.[  

��.;� �� r/Y �4 � ����S5 �&, �)( m�,P" �
!$B.*��5 4�A
]ff�fv.[TA �B #
, ��N P	, �)'A� H$*+9 �/D, !D�'0 !3 

)+� �	�
 4 � P?3 �)( ��
 !D�'0 %, Q
 �$A ��
!$B.*��5 
^
�2��
P?9 N�+� ��,� P'1'�  Q$'&�: �4 � �7!& �.[  %,

)H*({.(�23�� ��S
!�9 !
���� �
!$B.*��5 �)�%�& �/D, !D�'0
�� N�+� )'A�)%, �!"." �S�� TA�5  d� �S�� T
,P	, �3
�3 P5!� ���'5(�3 Q$'&�:  7!& �,)�� �/5 �.I3 ��, ��;&

�� �� P	 ���'5 )3�
)> )[f.(��.;� �� !$B.*��5 4�A �.I3 ��

�&, �,!;A 7!& �3 4 � �.[  �/5 .�$Y� �&�!3 !
���� !9

#A: �!D�'0 d���*(: 4)� !;A 4)� !;A��  Q$'&�: �3
�� N�+� ,� �!"." �3 )'A� .�)
)B #$'� T
,P	, %, N�+� 4,

>�$& �� Q$'&�: T�� �)'
,P	4�A �� �!"." TA�5  �3��!" 
���:��,� .�);0 T�3 �!�� "." %, 4, H$*+9 4,!3 �!

�2(,� #��" 4)F �9  �
!��<&, � TA�5 �3 �,)� >�$& �!"."
 %�3 >�$& #
, �� Q$'&�: 4,!3 �D!0 �3��!")(�&, �.
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)/[�����;( �����3 ����y#$�% #
.*9 4 � �����5 �3��!" >�$& �
�$;$( 6�3 #( )� 7!&. . .���

5��Dh�, (7 ��
!$B.*��5 �� ���'5 �3 P5!� C,!$$R9 (}  �
!$B.*��5 4�A ��.;� %, �*
 �� �.[.� !D�'0 ��, ,!	 �!2�" (l��� �@!3 ��1
�[
9N: !3 �)( �
P?.

���AEm � �3 �
!$B.*��5 !3 �I�� )'� �
P?9 �?$2�XPMA.
�
!$B.*��5 SFeCuPbAs

{6f|6|w{/wb u{/fu cb/ww t/g

{6f|6uuv/w{ {w/fu ww/wf 

{6f|6tg{v/ww g{/wg b/wc t{/gf|/g

@���C:�� ���5 #
,�K$'/& �Q$'&�: �4 � ����S5 �H*$� )�,.9 
)(�3 �2(,� �.@ L$5!9 �� ,� jk  �!��]fv�fb[��, �� 

�����5 �3 #( )�P[�
!$B �/D, N�$'3 �5 ��!"."  #A: 
^
�2� �� Q$'&�:  P'1'� !D�'0 ��	 ��&,�
P?9 ��*(: 

�)( )�,)H*(|.(�
!$B L$5!9 �&�!3)> )[w( � %, N�+�
 �3�� �,)�� �3 Q$'&�: K5 �*
 �
!$B M.� !2;5%,gb/g% 

4!1
� 4�,)�� �3 %, T$3 Q$'&�:tt/g%�2(,��&, .^
�2�
XPMA �,� �
!$B �n"� )%, T$3 4jk �,)�� �3ppmt��

^
�2�ICP(�@��� ��*(: ,� jk ��� ��, �,)�  � ���: Q$'&�: 
��.;� !
�& !3,!3 � )F  �
!$B 4�Att/g�9tf/g��.3 )D�� 

�&, .#
,C �<93,!3  � ��*(: � �� 4!�,)�  � 4�
." �Q$'&�: 

Q$'&�: K5 �3��!" >�$& �*
 �
!$B H��)�O�;2F,  
�!"."!B (4!1
�  �/F!� Q
 ���'8 -�1'A >�$& N�.3 

Q$'&�: %, �3��!");A �O�;2F,�,!� TA�5 �3 �,)��!"." (��.3
�&, .�&�!3 �*
 �
!$B M.�  � %, N�+� P$� �B.*& !*$� 4�A
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